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The purpose of this investigation is to determine,as
nearly as possible,the optimum shape of an intake valve
and its port for maximum air capacity,without any
restrictions as to the weight of the final parts or their
fitness in an actual engine from a strength viewpoint.
There has been very little work done on the maximum
capacity of valves per se, most investigators having
dealt with valves in a particular inlet system and
cylinder. Practically all of the investigators using
valves in concentric models used only complete valves of
varying shapes, instead of building up the various
fillets and curves one at a time and noting their effect
on the air flow. In order tiat engineers may have a
standard of maximum performance with which to compare
their particular designs, it was deemed advisable to
undertake this investigation.
2Nutting and Lewis
A limited series of experiments was made on the
flow of air through various intake valve combinations
into a model combustion chamber of 5.75 in. diameter
joined to a cylinder of 5 in, diameter. The
combinations included a single 22 in. valve, two I 3/4
in. valves in parallel, and two I, in. valves in
parallel. When in pairs, each valve was connected to
a separate air passage. Details of the valvespassages,
etc., are not given, but it seems to be assumed in
their interpretation of the results that the valves
were geometrically similar.
Their results showed a decreasing coeficient of
discharge with increasing lift. The coeficient of
discharge, when plotted on a non-dimensional basis
against Lift/Port Diameter showed a substantial
identity for the 2- in. and the I 3/4 in. valves.
The results of the i in. valves was discounted by
the authors because of a special condition in the air
passage.
Tanaka
A lengthy series of tests was made with air flow
through both inlet and exhaust valves. These cover
the full range of valve lifts with various pressure
3drops. Features which were progressively varied
included the angle of the cone seat; projected width
of seat; valve fillet radius, and valve-head angle.
The results of these experiments confirms accepted
valve practice, since only minor differences are found
by the variation of the above-mentioned features within
practicable limits.
Sharp discontinuities of flow were found, occurring
at definite valve lifts. Four distinct modes of flow
are noted, and a discontinuity corresponds to a shift
from one mode to another. By rounding all corners to
a radius of 4 mm.,the sharp discontinuities are nearly
obliterated, and the resistance to flow is decreased.
Dennison, Kuchler, and Smith
A series of experiments were made on the flow of
air through both exhaust and intake valves. Both
cylinder heads and concentric models were used,with
valves of various shapes. They found that an improve-
ment of the flow characteristics of valves may be
made by designing the flow path as a diffuser. This
may be done locally at the valve seat, or in tie passage
above the valve, or in both ways.
4Doroff and Ryder
A study was made of an aircraft engine cylinder to
determine the effect of smaller ports on the air flow.
The ports were streamlined as much as possible. They
find that both the exhaust and intake ports of present
aircraft engines can be considerable reduced in size
without noticeably affecting the air flow.
Le Blanc
Experiments were conducted with the inlet port and
valve of an Indian motorcycle engine in an attempt to
increase the volumetric efficiency. Le Blanc finds
that any change in the design of the inlet port
adjacent to the valve seat will increase the capacity
of the system considerably. He also finds that any change
towards larger fillets under the head of the valve
leads to poorer re.sults. For small lifts of the valve,
the air flow is almost directly proportional to the
valve lift.
5Results and Conclusions
A coeficient of discharge well above that of a
perfect orifice was obtained for valve lifts up to 4 of
the port diameter. For valve lifts above L of the port
diameter the coeficient of discharge fell off to about
0.8 at a lift of 0.35 of the port diameter. It should be
noticed that all coeficients were calculated on the
nominal diameter of the valve port, i.e., 1.75 in.,
while with the port shapes that produced the best results
the actual minimum port diameter was considerably less
than 1.75 in..
The inlet valve as generally used, with its sharp
corners, can be improved by nearly any addition except
making a larger fillet between the head and stem. It
was shown by Tanaka" that the effect of changing the seat
angle was inconsequential when using angles of 45 or less,
while making the seat angle 60 increased the resistance
to flow.
The shape of the fillet under the valve head was found
to have a large effect on the valve performance. As
small a fillet as it is possible to use gives the best
results, with a smooth curve joining the flat, or
slightly conical, under-side of the head with the seat
portion of the valve. As large a curve as is practicable
should be used on the periphery of the head. The edge of
the valve seat in the combustion chamber should be
joined to the chamber walls with as large a radius as is
6possible, while the intake port adljacent to the valve
seat should also be curved. The tracings of valve fillet
# 3, shape # 2v, and port shapes # 3 and # 3a represent
the best valve and port shapes for maximum capacity.
While the shapes mentioned above gave the best results
in this series of experiments, it is entirely possible
that others can be found which will yield better results.
7Valve as Orifice and Venturi
Usually an inlet valve is thought of as an orifice,
opening into the cylinder. Treated in this manner, the
flow of air through a valve can be calculated by any of
the usual formulae for orifices under moderate pressure
heads. The coeficient of discharge for the valve is a
direct measure of its efficiency.Designing the valve as
an orifice, then, limits the coeficient of discharge to
that of a well rounded orifice, namely, in the vicinity
of 0.98. Even with the valve working as a perfect orifice,
this top limit would be hard to reach because of the
changes in the direction of flow necessary in a poppet
valve.
The next step is to so shape the valve and its port
that it will act as a convergent-divergent nozzle or
venturi. This type.of nozzle changes the pressure head
at the entrance, into a velocity head at the throat and
returns it to static pressure at the point of discharge.
Theoretically,an ideal nozzle of this type is capable of
delivering a flow even when the overall pressure drop
approaches zero as a limit. In practice this state is
never obtained for two reasons: The conversion of the
velocity head to a static head is not complete, and a
8certain amount of friction, both internal and external
always exists. This friction and the lack of complete
recovery of static pressure at the exit, lead to an
increase in entropy. This makes it an irreversible
adiabatic process, while in the ideal diffuser the
process is isentropic.
Apparatus
A threaded fitting, into which the well rounded
orifices used for measuring the flow of air could be
screwed, was soldered into the side of a surge tank
about 2- feet long and 10 inches in diameter. This
fitting was placed midway between the ends of the tank.
At one end of the tank, a well rounded approach led to
the valve port, while at the other was soldered the tube
connected to the two manometers. The other leg of the
manometer which measured the pressure differential of
the orifice was left open to the atmosphere. The other
leg of the valve manometer was connected to the
combustion chamber opposite the vacuum pipe.
The valve port and combustion chamber was machined
from aluminum castings, joined in the plane of the valve
axis. This permitted the chamber to be opened for the
application of the plastecene forms. The head of the
valve was machined from a disk and soldered to a rod.
9One end of the rod served as the valve stem, while the
other was supported in a bushing at the end of the
combustion chamber. The valve had the dimensions of a
standard S.A.E. I 3/4 in. valve without any of the curves
or fillets. A 20 pitch screw with a large, calibrated
head was fastened to the casting by means of a bracket.
The end of the screw was in contact with the end of the
valve rod, limiting the valve lift and acting as a
micrometer with which to set the valve. A short pipe,
cast into the side of the combustion chambernear the end
farthest from the valve port, was connected to a large
suction pump.
Proceedure
The desired valve and port shapes were built up with
plastecene, templates made of thin sheet metal being
used to get the desired curves. The two halves of the
model were then bolted together, and the valve lift set
by means of the micrometer screw.
One run was made at a lift of -1 of ihe port diameter
with varying pressure drops across the valve in order to
,,ascertain the behavior of the discharge coeficient under
these conditions. As it was found to be practically
constant, in all the remaining runs the pressure drop
across the valve was held at 4 inches of water. In each
run the air flow was measured at varying lifts, and
I0
enough runs were made to test the various combinations
of valve and port shapes.
Suggestions for future Research
There is room for improvement as long as the per-
formance of the inlet valve is not equal to that of
a diffuser. As this limit is approached even a
slight increase in valve capacity becomes quite
difficult, It is possible that a valve could be developed
to increase the capacity of the higher lift ratios.
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Data Run # I
Elementary Valve set at 0.437 inches lift.
Barometer- 760 mm. Hg. Temperature- 230C.
Orifice- 1.0113 in. Diameter
Pressure drops in inches of water
Across Orifice Across Valve
2.4 1
7.9 2
113 3
15.1 4
19.3 5
22*3 6
25.9 7
28.6 8
12
Data Run # 2
Elementary valve
Barometer- 779 mm. Hg.
Elementary port
Temperature- 22%0.
Pressure drop across valve- 4 in. of water.
P, - Pa Valve lift in in.
.7497 in. diameter Orifice
24.3 0.265
I.0II3 in. diameter Orifice
IO,5
14*5
18.8
21.5
0.350
o437
0.525
0.6I2
13
Data Run # 3
Elementary valve
Barometer- 777 mm. Hg.
Shape # I on port
Temperature- 238C.
Pressure drop across valve- 4 in. of water.
Valve lift in in.
.7497 in. diameter orifice
25.0 0.265
1.0113 in. diameter orifice
13.8
17.8
19.4
217
0.350
0.437
0.525
0.612
1.250 in. diameter orifice
9.4
8.0
0.612
0.525
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Data Run # 4
Valve with # I fillet
Barometer- 777 mm. Hg.
Shape # I on port
Temperature- 23" C.
Pressure drop across valve- 4 in. of water.
P, - P? Valve li
.7497 in. diameter orifice
25.2
ft in in.
0.265
I.0113 in. diameter orifice
13*9
17.4
19.7
23*I
0*350
0.437
0.525
0.612
1.250 in. diameter orifice
0.6129.m5
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Data Run # 5
Valve with # I fillet and # Iv shape
Shape # I on port
Barometer- 760 mm. Hg. Temperature- 23 C.
Pressure drop across valve- 4 in. of water.
P, - Pa Valve lift in in.
.7497 in. diameter orifice
27.3
8.0
14.0
18.1
20.3
23.2
0.265
1.0113 in. diameter orifice
1.250 in. diameter orifice
10I
8.8
0.265
0*350
0.437
0.525
0.612
0.612
0.525
16
Data Run # 6
Valve with # I fillet ahd shape # Iv
Shapes # I and # Ia on port
Barometer- 760 mm.Hg. Temperature- 230 C.
Pressure drop across valve- 4 in. of water.
P, - Po Valve 1ift in in.
.7497 in. diameter orifice
I.0II3 in. diameter orifice
0.265
0.265
0.350
0.437
0.525
0.612
1.250 in. diameter orifice
0.612
0.612
25.0
7.5
15*0
20,5
20*5
22.2
9.7
8.9
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Data Run # 7
Valve with # Iv shape
Shapes # I and # Ia on port
Barometer- 761 mm. Hg. Temperature- 230.
Pressure drop across valve- 4 in. of water.
P, - Pe Valve lift in in.
.7497 in. diameter orifice
26.8 0.265
I.oII3 in, diameter orifice
15.9
20.7
20.7
22.1
0.350
0.437
0.525
0.6I2
1.250 in. diameter orifice
8.9
9.8
0.525
0.612
18
Data Run # 8
Valve with # Iv shape
Shape # I on port
Barometer 761 mm. Hg. Temperature- 2200.
Pressure drop across valve- 4 in. of water.
P, - Pa Valve lift in in.
1.0113 in, diameter orifice
8.3
15*I
18*4
20*7
22.7
0*265
0.350
0.437
0.525
0.612
1.250 in. diameter orifice
0.612IO0
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Data Run # 9
Valve with # Iv shape
Elementary port
Barometer- 761 mm. Hg. Temperature- 220C.
Pressure drop across valve- 4 in. of water.
P, - Pa Valve lift in in.
.7497 in. diameter orifice
26.8 0.265
1.0113 in. diameter orifice
7.8
11.0
15.4
18.6
23*0
0.265
0o350
o437
0.525
0.6I2
1.250 in, diameter orifice
0.6I2IO.I
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Data Run # 10
Valve with # I fillet and # Iv shape
Elementaby port
Barometer- 761 mm. Hg. Temperature- 220C.
Pressure drop across valve- 4 in, of water.
Valve lift in in.
.7497 in. diameter orifice
2608 0.265
1.0113 in. diameter orifice
108 0.350
15.0 0.437
I9.2 0.525
2305 0.612
1.250 in. diameter orifice
0.612IO.2
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Data Run # II
Valve with # I fillet and # Iv shape
Shape # Ia on port
Barometer- 762 mm. Hg. Temperature- 2100.
Pressure drop across valve- 4 in. of water.
P, - Pa Valve lift in in.
.7497 in. diameter orifice
25.5 0.265
I.oII3 in, diameter orifice
7.3
15.*0
15.7
1801
22.3
0.265
0.350
0*437
0.525
0.612
1.250 in. diameter orifice
0.6129.6
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Data Run # 12
Valve with # Iv shape
Shape # Ia on port
Barometer- 763 mm. Hg. Temperature- 210C.
Pressure drop across valve- 4 in. of water.
Valve lift in in.
.7497 in. diameter orifice
26.2 0.265
1.0113 in, diameter orifice
14.8
15.8
I8.2
22.0
0.350
0.437
0.525
0.612
1.250 in, diameter orifice
0.6129.5
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Data Run # 13
Valve with # I fillet
Shape # Ia on port
Barometer- 764 mm.Hg. Temperature- 21 C.
Pressure drop across valve- 4 in. of water.
P,- P Valve lift in in.
1.0113 in, diameter orifice
7.9
15.0
I5,5
17.8
22.I
0.265
0.350
0.437
0.525
0.612
1.250 in. diameter orifice
0.6129.s6
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Data Run # 14
Elementary valve
Shape # Ia on port
Barometer- 764 mm. Hg. Temperature- 220 C.
Pressure drop across valve- 4 in. of water.
P, - P, Valve lift in in.
1.0113 in. diameter orifice
8.0
15.*I
15*7
18*2
22.0
0.256
0.350
0.437
0*525
0.612
1.250 in. diameter orifice
0.6129.6
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Data Run # 15
Elementary valve
Shapes # I and # Ia on port
Barometer- 765 mm. Hg. Temperature- 2200.
Pressure drop across valve- 4 in. of water.
P, - P_ Valve lift in in.
8.0
15*5
21.3
20.9
21*8
1.0113 in, diameter orifice
1.250 in, diameter orifice
0*265
0.350
0.437
0.525
0.612
0.61299.3
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Data Run # 16
Valve with # I fillet
Shapes # I and # Ia on port
Barometer- 765 mm. Hg. Temperature- 220 C.
Pressure drop across valve- 4 in. of water.
Valve lift in in.
1.0113 in, diameter orifice
0.265
0.350
Q.437
0.524
0.612
1.250 in. diameter orifice
0.612
P,-P
7.8
15.8
21.1
20*7
21.8
9.5
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Data Run # 17
Valve with # I fillet
Elementary port
Barometer- 765 mm. Hg. Temperature- 220 C.
Pressure drop across valve- 4 in. of water.
Pe. -PValve lift in in.
.7497 in.diameter orifice
25.2 0.265
1.0113 in. diameter orifice
110
14.9
19.3
24.0
0.350
0.437
0.525
0.612
1.250 in. diameter orifice
0.61210.2
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Data Run # 18
Valve with # 3 fillet
Shapes # 3 and # 3a on port
Barometer- 772 mm. Hg. Temperature- 210 0.
Pressure drop across valve- 4 in, of water.
P, - Pe Valve lift in in.
1.0113 in, diameter orifice
12.4
24.9
0.262
0.350
1.250 in, diameter orifice
15.2
115
IO.4
0.437
0.525
0.612
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Data Run # I9
Valve with,# 4 fillet
Shapes # 3 and # 3a on port
Barometer- 772 mm. Hg. Temperature- 2I C,
Pressure drop across valve- 4 in. of water.
P,-P Valve lift in ih.
1.6113 in. diameter orifice
II.I
19.5
0.262
0.350
1.250 in. diameter orifice
12.9 0.437
0.525
0.6128.5
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Data Run # 20
Elementary valve
Shapes # 3 and # 3a on port
Barometer- 772 mm. Hg. Temperature- 210C.
Pressure drop across valve- 4 in. of water.
P, - P, Valve lift in in.
.7497 in. diameter orifice
0.262
1.0113 in. diameter orifice
1.250 in. diameter orifice
0,350
0.437
0.525
0.612
25*2
14.0
II.2
12.2
IO.6
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Data Run # 22
Valve with # 3 fillet and shape # 2v
Shapes # 3 and # 3a on port
Barometer 775 mm. Hg. Temperature- 2300.
Pressure drop across valve- 4 in. 6f water.
P, -Valve lift in in.
.4998 in. diameter orifice
14*0 0.087
I.0II3 in. diameter orifice
IO.
15*4
0.175
0.262
1.250 in. diameter orifice
11.7
15.8
11.5
101
0.350
0.437
0.525
0.612
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Data Run # 23
Valve with shapes # 2v and # 3 fillet
Shapes # 2 and #3a on port
Barometer- 779 mm. Hg. Temperature- 22 C.
Pressure drop across valve- 4in. of water.
P, - P, Valve lift in in.
1.0113 in. diameter orifice
14.0 0.262
1.250 in. diameter orifice
12.1
14.3
12.I
11.7
0.350
0.437
0.525
0.612
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Data Run # 24
Valve with #5 fillet and # 2v shape
Shapes #2 and # 3a on port
Barometer- 779 mm. Hg. Temperature- 210C.
Pressure drop across valve- 4 in. of water
P, - PZ Valve lift in in.
1.0113 in. diameter orifice
10.5
18*7
16.0
15.7
15.8
0*262
0.350
0.437
0.525
0.612
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Data Run # 25
Valve with # 3 fillet and shape # 2v
Shapes # 4 and # 3a on port
Barometer- 778 mm. Hg. Temperature- 2200.
Pressure drop across valve- 4 in. of water.
P, - P2- Valve lift in in.
1.0113 in. diameter orifice
14.5
25.0
0.262
0.350
1.250 in. diameter orifice
13,3
9.7
8.4
0.437
0.525
0.612
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Data Run # 26
Valve with # 3 fillet and 7 2v shape
Shapes # 3 and # 4a on port
Barometer- 774 mm. Hg. Temperature- 2200.
Pressure drop across valve- 4 in. of water.
P, - P. Valve lift in in.
.4998 in. diameter orifice
12.0 0.087
.7497 in. diameter orifice
17*2 0.175
I.0II3 in. diameter orifice
1.250 in. diameter orifice
14.0
II.6
16.7
13.2
II.0
0.262
0.350
0.437
0.525
0.6I2
36
Results
Coeficient of Discharge for Valve at Varying Lifts,
Assuming orifice coeficient of I.00 for valve.
Lift in in. ratio L/D Cv
0.262 0.15 0.599
0.350 0.20 0.800
0.437 0.25 £1.00
0.525 0.30 1.00
0.612 0.35 I.00
Results Run / I
pressure drop across
valve in lbs./ sq. in.
0.036I
0.0722
0.1083
0.1444
0.1805
0.2166
0.2527
0.2888
wt. of air
lbs./ sec.
.0418
.0752
.0895
..103
.116
.124
.133
.139
Cv
.503
.645
.628
.633
.647
.626
.629
.620
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Results
Run #2
Valve lift in in.
0.265
0.350
0.437
0.525
0.612
Ratio L/D
0.I5I5
0.20
0025
0.30
0035
Run # 3
Valve lift in in.
0.265
0.350
0.437
0.525
0.612
Ratio L/ D
0.1515
0*20
0.25
0*30
0.35
Cv
0.44
0.53
0.622
0.708
0.757
Cv
0.445
0.606
0.690
0.720
0.749
38
Results
Run # 4
Valve lift in in.
0.265
0.350
00437
00525
0.612
Ratio L / D
0.1515
0620
0025
0.30
0.35
Run #5
Valve lift in in.
0.265
0.350
0.437
0.525
0.612
Ratio L/D
0.I5I5
0.20
0.25
0.30
0035
Cv
0.447
0.607
0.682
0.725
0.783
Cv
0.465
0.610
0.695
0.741
0.791
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Re sult s
Run # 6
Valve lift in in.
0.265
0.350
0.437
0.525
0.612
Ratio L/D
Q.I5I5
0020
0.25
0630
0035
Run # 7
Valve lift in in.
0.265
0.350
0.437
0.525
0.612
Ratio L /D
0.1515
0.20
0.25
0*30
0.35
Cv
0.446
0.632
0.740
0.742
0.773
Cv
0.462
0.653
0.745
0.745
0.776
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Results
Run # 8
Valve lift in in.
0.265
00350
0.437
0.525
0.612
Ratio L / D
0.I5I5
0.20
0.25
0.30
0.35
Run #9
Valve lift in in.
0.265
0.350
0.437
0.525
0.612
Ratio L / D
0.1515
0.20
0.25
0*30
0.35
Cv
0*470
0.635
0.701
0.745
0.785
Cv
0.455
0.541
0.641
0.705
0.790
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Results
Run # 10
Valve lift in in.
0.265
0.350
0.437
0.525
0.612
Ratio L /D
0.1515
0.20
0.25
0.30
0.35
Run # II
Valve lift in in.
0.265
0.350
0.437
0.525
0.612
Ratio L/D
0.1515
0.20
0.25
0.30
0.35
Cv
00462
0.537
0.632
0.7I8
00795
Cv
0.446
0.632
0.647
0.695
0.773
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Results
Valve lift in in.
0.265
0.350
0.437
0.525
0.6I2
Valve lift in in.
0.265
00350
0*437
0.525
0,612
Run # 12
Ratio L/D
0.I5I5
0620
0.925
0.30
0.35
Run # 13
Ratio L/D
0.1515
0.20
0.25
0.30
0035
Cv
0.458
0.628
0.650
0.697
0.770
Cv
00459
0.631
0.644
0.689
0,772
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Valve lift in in.
0.265
0.350
0.437
0.525
0.612
Results
Run # 14
Ratio L/D
0.I5I5
0.20
0025
0.30
2 0.35
Run # 15
Valve lift in in.
0.265
0.350
0.437
0.525
0.612
Ratio L/D
0.1515
0.20
0.25
0030
0.35
Cv
0.462
0.634
0.647
0.698
0.770
Cv
0.463
0.644
0.755
0.748
0.764
44
Results
Run # 16
Valve lift in in.
0,265
0.350
0.437
0.525
0.6I2
Ratio L/D
0o.1515
o.20
0*25
0*30
0*35
Run # 17
Valve lift in in.
0.265
0.350
0.437
0.525
0.6I2
Ratio L/D
0.I5I5
0,20
0.25
0.30
0*35
Cv
0,456
0.650
0.751
0.744
0.767
Cv
0.448
0.542
0.631
0.719
0.800
45
BValve lift in in.
0.262
0.350
0.437
0.525
0.612
Valve lift in in.
0.262
0.350
0.437
0.525
0.612
Results
Run # I8
Ratio L/D
0.15
0020
0.25
0.30
0.35
Run # 19
Ratio L/D
0.15
0.20
0.25
0.30
0.35
Cv
0.574
0.816
0.975
0.849
0.805
Cv
0.544
0.722
0.898
0.758
0.728
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Valve lift in in.
0.262
0.350
0.437
0.525
0.612
Results
Run # 20
Ratio L/D
0.15
0.20
0025
0.30
0.35
Run # 22
Valve lift in in.
0.087
0.175
0.262
0.350
00437
0.525
0.6I2
Ratio L/D
0.05
00IO
0.I5
0.20
0.25
0.30
0.35
Cv
0.448
0.611
0.836
0.875
0.814
Cv
0.I49
00519
0.64I
0.855
0.995
0.848
0.794
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Results
Run # 23
Valve lift in in.
0.262
0.350
0.437
0.525
0.612
Ratio L/D
0*15
0020
0.25
0.30
0035
Run # 24
Valve lift in in.
0.262
0.350
0.437
0.525
0.612
Ratio L/D
0015
0.20
0.25
0.30
0.35
Cv
0.611
0.870
0.945
0.870
0.854
Cv
0.530
0.706
0.654
0.647
0.650
48
Valve lift in in.
0.262
0.350
0.437
0.525
0.612
Results
Run # 25
Ratio L/D
0.15
0*20
0*25
0*30
0.35
Run # 26
Valve lift in in.
0.262
0.350
0.437
0.525
0.612
0.175
00087
Ratio L/D
0.15
0020
0025
0030
0.35
0.IO
0.05
Cv
0.623
0.815
0.913
0.778
0.724
Cv
0.611
0.850
3.0022
0.9IO
0.830
0.325
0.138
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Calculations
In calculating the air flow, use was made of the formula
for flow of air through a rounded orifice, published by
Moss*.
W 0.8596 D C ( P, - Pa )P/T,
This formula takes into account the average humidity of
the air. It introduces an error of less than 0.3%,when
the differential pressure is less 10% of P,.
Manometer reading giving 1, -Pp= I0 % P,
P -P =.IP,=.I(I4.7) =I.47 lbs. / sq. in.
Pressure
wt. cu. in, water manometer reading
1.47 / 0.036I = 40.7 in. of water
Since the greatest pressure difference used is 28 in. of
water, the above formula will give sufficient accuracy.
Orifice coeficient of valve
Wt. of air through orifice Wt. of air through valve.
0.8596 DC 0 (P, -PC )P,/T, 0.8596 DaCv P_-Pa P3 /T2
It was observed that T T
Therefore:
DoC, (P, -P: )'P DC (P- -P3 )P3
And C/ , DC. (P; -Pa P.
Dv (P..-Pj (P
50
Sample calculations
Lift=0.265 in. orifice diameter =.7497" C .970
P, -P =24.3 in.water-24.3 r.0361 - .877 lbs./ sq. in.
P-P3= 4.0 in. water .4.0 x.0361 = .144 lbs./ sq. in.
Barometer- 799 mm. Hg.
P, 799 mm. Hg.= 30.67 in. Hg.
P,-30.67 AI3,55 x.0361 - 15.0 lbs./ sq. in.
P,-15.0- .877 14.I2 lbs./ sq. in.
P3=I4.I2- .I44 13.98 " " " "
C.0.749 x0.970 .877xI4.120 _ 0.44
I.750.144X 13.98
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List of Symbols
CV - orifice coeficient of valve
P, - atmospheric pressure
P, -Pa- pressure drop across orifice
P4 -P3 - pressure drop across valve
D0  - diameter orifice in inches
D - valve " It
T - Absolute temperature in formula
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Elementary Valve
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Shape # Iv
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Shape # 2v
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Fillet # I
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Fillet #3
SI
Fillet # 4
W/
K,"
I
Fillet # 5
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Shape# I
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Shape # 2
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Shape # 3
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Shape # 4
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Shape # Ia
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Shape # 3a
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Shape # 4a
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Valve port built up with
Plastecece
Templates for shaping models
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